. ATP is also secreted by activated immune cells such as T lymphocytes and neutrophils 5, 6) . 6, . In this review, we describe the function of these ecto-enzymes, which modulate various aspects of the immune response.
Introduction
Adenosine 5'-triphosphate (ATP) plays a role in many cellular functions by providing energy through its hydrolysis.
Extracellular ATP was first shown to mediate cell-tocell communication in the nervous system, where ATP is released at the neuronal synapse 1) . Several purinergic receptors, such as P2X and P2Y, which sense extracellular ATP, have been characterized 2) .
Extracellular ATP-dependent cell-to-cell communication was then demonstrated in the immune system 3) . ATP,
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which is released from damaged cells, is recognized as a "danger-associated molecular pattern" by P2X7 to activate the inflammasome, leading to secretion of mature IL-1β 4) . ATP is also secreted by activated immune cells such as T lymphocytes and neutrophils 5, 6) . In the intestine, symbiotic/ pathogenic bacteria, such as Enterococcus mundtii , Enterococcus gallinarum, Escherichia coli, and Salmonella, secrete ATP [7] [8] [9] . Furthermore, purinergic P2X and P2Y receptors are expressed in a variety of immune cells and regulate their immune functions [10] [11] [12] . phosphodiestrases (E-NPPs), which hydrolyze ATP to AMP 6, . In this review, we describe the function of these ecto-enzymes, which modulate various aspects of the immune response.
E-NTPDases
There are eight E-NTPDases, which catalyze ATP to ADP or ADP to AMP, and that show distinct tissue distribution (Table 1) . Of these, the immunological role of E-NTPD1 and E-NTPD7 has been characterized.
1)E-NTPD1
E-NTPD1, also called CD39, is expressed on several immune cells, such as T cells, neutrophils, macrophages, and dendritic cells 13) . Among T cells, E-NTPD1 is highly expressed on regulatory T (Treg) cells. The activity of E-NTPD1 is enhanced by TCR stimulation of Treg cells 14) , which correlates with the immunosuppressive function of Treg cells 15) .
Neutrophil chemotactic activity is enhanced by ATP 6) , but negatively regulated by E-NTPD1, which is expressed on neutrophils 16, 17) . Neutrophils and macrophages from mice lacking E-NTPD1 (Entpd1 -/-mice) produce elevated amounts of cytokines, indicating that E-NTPD1 modulates cytokine production through ATP hydrolysis 18, 19) .
In accordance with the immunomodulatory function of E-NTPD1, Entpd1 -/-mice are highly susceptible to intestinal inflammation 20)
.
2)E-NTPD7
E .
E-NPPs
There are seven E-NPPs 44, 45) (Table 1) . Among these members, E-NPP1, 2, and 3 have been shown to hydrolyze ATP. E-NPP2 is a secreted enzyme, whereas E-NPP1 and 3 are transmembrane proteins. In contrast to E-NPP1, which inhibits bone mineralization, the function of E-NPP3 remains unclear 44) .
1)E-NPP3
E-NPP3, which is also called CD203c, is well known as an activation marker of human basophils, and thus used as a diagnostic marker for allergic diseases 46) . mice. Interestingly, a previous study indicated that basophils mediate chronic allergic skin inflammation 47) , consistent with our observation that the sensitivity to basophil-dependent allergic skin inflammation was enhanced in Enpp3 -/-mice.
The sensitivity to allergen-induced airway inflammation as well as allergen-induced diarrhea was also increased is rapidly induced and hydrolyzes ATP to suppress ATPdependent activation of basophils and mast cells ( Fig.   2A ). In the absence of E-NPP3, ATP, which is increased in basophils and mast cells, acts via P2X7 in an autocrine manner, leading to enhanced chronic allergic inflammation (Fig. 2B ).
Conclusion
A series of studies on ATP-hydrolyzing ecto-enzymes have revealed that E-NTPD1, E-NTPD7, and E-NPP3 play key roles in regulating the immune response. In addition to E-NTPDases and E-NPPs, ecto-5'-nucleotidases such as CD73, which produce adenosine from AMP, have also been shown to regulate immune responses 13) . Although much progress has been made, the role of other E-NTPDase and E-NPP family members in regulating the immune response remains to be elucidated.
